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1 
Iy invention relates to an alternating current 
measurcment brïdge and its obJccts are to pro-. 
vde such a bridge of te nulI type suitable for 
commercial frequency tpply which is rclativety 
small in size and cost, which has no moving con- 
tacts, and. which whcn Lrï balance produces no 
out-of-phase voltage component. 
The features of my invention which are be- 
lieved fo be novel and patentable will bc pointed 
out in the claires appended hereto. For a botter 
understanding, reference is madc in the follow- 
ing description fo the accompanying drawing in 
which Fig. 1 rcpresents a simplifled wirîng dia- 
grain of my improved bridge. Figs.. 2, 3 and 
are vector diagrams whtch will be referred  to in 
explaining the operation of the bldge, and Fig. 5 
represents, the bridge as used for control and 
recording purposes, 
lferring new fo Fig. 1, the. bridge shown 
cludes, four arrns designated A, B, C and D. Arm 20 
A contains a variable inductance, designated Xv, 
X designating a mïd-range vaIue of such react- 
ance and v that- i.C is variable, Such reactance 
naturally Includes a coil and connections hav- 
ing a small amount of resistance, which resist- 
ance remains constantwhen the reactance varies, 
and this constant resistance of the reactanoe Xv 
is represented as Ri. Arm B contains a flxed in 
ductance Xm having a value related te the raid- 
range value X of inductance Xv by the factor m. 
Rlm dësignates the resistance of inductance Xm, 
resistance R[ being related fo the value o£ re- 
slstance 11 by the same factor m. The resist- 
ance R4$ of arm A and the resistance R0 of 
arm C are usually a single resistance elemen, t 
which may be remotely located and whose value 
Is variable by some quantîty to be measured such, 
for example, as temperature, strain, pressure, etc.; 
the «4" and "20" of these resistance designations 
represent the relative values of these resistance 
40 
sections aC some fixed temperature such, for 
ample, as 20 degrees C., and  indicates that. such 
values vary wlth temperature. In arm B there 
is a fixed resistance R4m related to the value of 
resistance 1 af 20 degrees C. by the factor m. 
45 
In arm D thereis a fixed resistor R0m related fo 
the value of resïstance R0$ af 20 degrees C. by 
the factor m. Atso, in arms C and D are flxed 
relstors R6 and R6m, resistor R havlng s« vaIue 
such that the ratio 
R5 R20 
lsfstance Rm bas a value related to resistance 
1 by the factor m. The. factor m Is the saine 
wesever ued. 

20, 1950, SerialNo. 185,743 
(C1. 323--64.)- 
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In designating the vartous elements of the 
bridge arms, I bave here included designations 
vhich also represent one suitable value relation- 
ship betveen such elements. Thus, 
represent the value, relation between resistanoes 
R.[, R4t, R20. and R5 af 20 degrees C. The re,. 
sistanoes R20m» RSm, and R5 may be combined as 
a sïngle resistance element, but are here shevn 
separated for clarity. OEhe bridge is energized 
from an A.-C. source of supply 2 af terminals 
and ,. and a detector  is connected across 
bridge, betveen points 8 and 9. As will be 
plained in connection wi.th Fig. 5 and as rep- 
resented by the connecon f}, the detector may 
inïtiate-a control, whfch automatically rebalances 
the bridge when unbalanoed, by adjustment of 
the variable reactance Xv, and the position of the 
adjusting moins, of the variable inductance X 
may be calibrated in terms:of the temperature 
ing measured. 
One of the difflculties heïetofore expertenced 
in Che use of alfernating currenC bridges of Che 
null type employing a phase shifting ïnductance 
in the bridge circuit »:cas that when the bridge 
was balanced with respect fo tIe comportent of 
voltage in phase with the supply voltage, there 
remained an out-of-phase unbalanced voltage 
comportent fo cause difficulties except possibly at 
one particular balancing point. With my bridge 
when a balance is obtained with respect to the 
inphase voltage comportent, there is no out-of 
phase comportent ai any balanced condition with-- 
in the measurement.range of the bridge. In order 
fo obtain this resulV, I employ a particular rela- 
tion between thebridge e!ements which I will now 
ex-plain. 
By design, af 20 degrees C. we marie the 
sistance relationship between arms A and C the 
same as between arms B and D. Thus, 
RI+Rt Rlm+R4m 
R2Ot +--ff' R2Om + RSm 
Also,. in arms A and C. by design, we ruade the 
resistance relationship between arms A and C 
such that when the temperature sensitive res[st- 
ance element of these anus changes with tem- 
perature, the resistance relationship between arms 
A and C does hot: change. This will be clear by 
assuming deflnite values for the resistances. At 
50 20 degrees C. let resistances R, R, RX0 and 1 
be equal fo 1, 4, 20 and 5 respectively. The rela- 
tionship 
Rl-R4t 5 
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New assume that due te a fise in temperature, 
l4t and 120t increase by ten per cent and thu. 
become equal te 4.4 and 22, respectively. The 
relation 
20t+_5 

becomes 

1÷4.4 5.4 
22÷5 
Thus, whiIe this unbalances the bridge, if docs net 
change the resistance ratio relation 
l÷R4t Dn÷!4m 
/20t ÷R5 20n+5 
Frein this it wfll be evident that te rebalance the 
bridge, we de net need te change a.ny fixed 
sistance value but only the value of the variable 
reactance Xv. 
The circ!e diagram for the arms B, D of the 
bridge for a!I conditions may be represented as 
in g. 2. In this figure E represents the voltage 
across the bridge between terminals ] and 
IRB the voltage drop across the resistances 
and  of arm B; IRD the voltage drop across 
the resistances R2O and R of arm D; and 
IR the voltage drop across the inductance 
Xn of arm B. This diagram is the saine for ai1 
conditions of the bridge because the eIements of 
arms B and D are fixed and de net change in 
value or relation, e] my designate the voire, ge 
at detector point 9 of the bridge. SimflarIy, Fig. 
3 represents the circle diagram for arms A and C 
of the bridge when the bridge is balanced, and 
the voltage at detectcr terminal 8. If these 
diagrams be superimposed one over the other, it 
wiI1 be noted that there is no voltage difference 
between e] and e9 either in phase or out of phase 
th voltage E. 
g. 4 may reprisent the circle diagram for 
arms A and C of the bridge when the bridge is 
unbaIanced, where the resistances Rt and 
have increased due te a rise in temperature above 
20 degrees C. and the voltage drop across them 
has increased. The current  in arms A and C 
is Iess than before. 
Te rebaIance the bridge, the inductan¢e Xv 
is increased, reducing te current through arms 
A and C and thereby moving point e] around the 
circIe towards point e9 untiI bridge balance is re- 
stored, and when restored, the resistance and 
ductance voltage drop vectors wiI1 be exact!y 
the saine as in Fig. 3, but the current fiow pro- 
duced by such voltages wiII have a lower value. 
In Fig. 4 it wiI1 be noted that the unbalanced 
bridge voltage +e8e9 has a relativeiy large com- 
portent paraIleI and thus in phase with suppIy 
voltage E, and a re!ativeIy small component at 
right angles te and hence out of phase with volt- 
age E. However, as the bridge approaches a bal- 
ance and +ee] becomes smalIer and more near- 
IF paraIIeI te E, the out-of-phase comportent 
vashes faster than the inphase comportent. 
An unbaIanced bridge voltage --e3e is also rep- 
resented for a condition where resistances 
and R2t have decreased beIow their values at 20 
degrees C. Te rebalance for the --ee9 voltage, 
the reactance Xv would be decreased. 
The reason why there is no out-of-phase 
baIanced comportent of voltage when the bridge 
is baIanced is that, regardless of the values of 
the variab!es Xv, P4t, and Rt, and any differ- 
ence in curren that may fiow in arms B and D 
on the one hand and in arms A and C on the 
other hand, the ratio of inductance te resistance 

4 
in the series circuit comprising arms A and C is 
the same as the ratio of inductance te resist- 
ance in the series circuit comprising arms B and 
D. And the ratio of inductance in arm A te the 
 resistance in arm C is the same as the ratio o 
inductance in arm B te the resistance in arm D 
when the bridge is balanced, and consequentIy, 
the currents which flow past points  and $ are 
exactly in phase and the voltages existing at 
I0 points $ and 9 are exactly in phase. Voltage 
variations in the source of suppIy de net produc 
errer as a!I voltage vectors wouId chane in pro- 
portion. When the bridge is balanced at an  
point within its measurement range the voltage 
I vector diagrams for arm BD on the one hand and 
the arm AC on the other hand are exact du- 
plicates in a!l respects. Over such range of 
measurement the current through arms B, D is 
constant with constant supply voltage for alI bai- 
0 ance points whiie the current through ar A 
and C wiII vary in inverse relation with respect 
te the values of R, R2 and X, but at any 
point of balance within the measurement rane 
the currents in the two branch circuits of the 
5 bridge wilI be in exact phase relation. 
SuitabIe values for the severaI eIements of the 
bridge for measuring temperature over a range 
frein 0 te 50 derees C. with a 60 cycle 5 volt 
bridge supply are as foIIows: 
0 Inductnnc X,m ............ 4 henry nd 5 ohms bath cnsrant. 
Indueice X .............. 7é to .435 honry adustble and  ohm 
oenstant. 
I{esistnce Rtr, 20 oa_.. ] 
esistance R20m, 100 ohms /Constant d hvin a neliible tcm- 
sistance RSm, 25 ohms_._ ( perature coecient of resstsnce. 
Resistance R6, 25 ohms ..... } 
Re»istnce Rit, 20 obtus_ ._]. -  
35 Resistanoe R20t, 10O ohms_.]-oEt 0 de[rets u. and mad.e of copper. 
e factor . in this case is 1 but in theory 
could be any value. The tempërature coefficient, 
of resistance for the copper resistoï unit compris- 
40 ing R and Rlt may be -.00393 ohm/ohm/de- 
gree C. at 20 degrees C. For the measurement of 
higher temperutures it would be preferable to 
use a platinum resistor unit in place of coppcr 
huving u temperature coefficient of rcsistance of 
+.003 ohm/ohm/degree C. 
5 In connection with the design of the reuctance 
coils it is most practicable to use copper which 
bas u temperuture coefficient of resistunce, and 
to keep the resistunce component of the react- 
ance coils constant with possible vuriutions in 
50 their temperuture, if muy be desiruble fo include 
the necessary amount of negative temperuture 
coefficient conductor muteriaI in series with and 
in close proximity with the inductance cofls. 
Such materiaI muy be included in the resistances 
55 represented ut RI and RI, and in which case 
it is to be understood thut the total resistance of 
each reactance coil p!us ifs compensating re- 
sistance is fo bave a value relation with respect, 
to other bridge resistors us previously explained, 
60 and when I refer to the resistaP, ce or resistance 
component of such reactunces I mean to include 
any such compensating resistances as muy be 
used therewith. 
In Fig. 5 I hure represented my bridge circuit 
65 as used for meusuring, recording and controlling 
temperuture. Resistances Rl and RSm of g. 
1 are combined as u sgle resistance. The re- 
sistances RI and Rira wilI be included in the 
windings and leuds of the reuctances Xv and Xm. 
ï0 Resistunces Rt and Rlt generalIy wilI be u sin- 
gle temperature sensitive resistance Iocuted at the 
int where the temperature is to be measured. 
In any event the coefficient of variation of R4t 
and R2t in resnse  a measurement change 
 wilI be the saine. The reactances Xv and Xm 



are of the saturable cote type, and each my 
c0nsist of a three-limb magnetic structure hav- 
lng the wlndlng divided into tvo coils on tlie 
ouer limbs and connected to circrlate alternat- 
ing flux in the ssme direction bout such outer 
timbs. Tle conter limb of the structure contains 
an air gap in which is t'ocated a permanent rotor 
element   which is adjustable so as te send more 
or tess of its flux through the outer limbs and 
thus determine the degree of saturation thereoî 
and hence the reactance offered by the winding 
thereon. The rotor magne  of reactance Xm 
is adjusted once for all when the apparatus is 
first calibrated and thon remains flxed. The 
rotor magnet.   of reactance Xv is automatically 
adjustable through a crank arm  which tests 
on a properly shaped cam   secured on the shaft 
 of a two-phase reversible .alternating curïent 
servomotor g. The reversible motor  Is sup- 
plied from the alternating current source 
through an electronic power amplifier included 
as a part of the bridge detector ]. Itis te be 
understood that when the bridge is baanced the 
motor  is idle, when the bridge is unbalanced 
in one direction the motor runs in a direction to 
rebalance the bridge, and when the bridge is un- 
balanced in the opposite direction the motor bas 
a reverse direction of rotation to rebalance the 
bridge. 
To those familiar with e!ectronic detectors, the 
importance of eliminating interfering, out-of- 
phase unwanted signals of the same frequency as 
the useful Inphase comportent signal furnished 
to the detector by the bridge as .the bridge 
proaches a balanced condition will be appreciat- 
ed. If is to be understood that in the installation 
of the bridge and bridge circuits the resistance 
of circuit connections is to be taken Into con- 
sideration in coordinating the relative values of 
bridge resistances. For example, the bridge cen- 
nection between elements 1 and Xv may be of 
considerabte length and ifs resistance will be com- 
puted as a part of the constant resistance of Xv 
represented af 1. 
The shaf 3 a]so drives a temperature indi- 
cating and recording stylus  over a chart 
through gearing ]. At H] there is represented a 
varie which varies the pressure of air escaping 
from an orifice  in a pressure control system 
which may be used for pneumatic valve contro! 
of a fuel supply system furnishing fuel to a fur- 
nace the temperature of which is being measured 
by the bridge for temperature control purposes. 
The power amplifier, servomotr, temperature 
controt and recording features mentioned are 
well known in the art and are hot my invention 
and bave been included fo represent one practi- 
cable application of the use of my improved alter- 
nating current bridge. 
From the foregoing description it wfll be evi- 
dent that the bridge described may be ruade of 
relative!y low cost, sma]l size components, that 
it does hot require a high frequency source of 
supply to keep ifs cost and size low but is suit- 
able fer use with a st,ndard commercial fre- 
quency source of powm. supply. The bridge 
ploys no moving contact devices and supp!ies a 
detector signal which reverses in phae with re- 
spect to the supply voltage when the bridge is 
unbalanced in epposite directions and which is 
proportional to the degree of unbalance, and the 
comportent of signal voltage which is at right 
angles fo the useful signal is always sma]l in 
comparison to the useful componen and dis- 

appears entirely for all bridge balanoed 
tions within tle measurement range of thebrïdge. 
Wht. I cIaim as new and desire te secure by 
Letters  Ptent of the United StateS is: 
5 1. Ar tternating current measurement bridge 
comprising four arms, joinec} by opposite first 
and second suppty termïnals and by opposite flrst 
and second detectcr terminats, the aïm between 
the first, sUPply and detector terminals com- 
10 prislng a bridge ba.lancing variabIe reactance, 
a fixed resistance and a variable resistance desig- 
]ated for identification as Xv, R! and R45 
spectively, the arm between the flrst supply and 
econd detector terminals consisting of a flxed/ 
15 reactance and two fixed resistances desîgnaed 
as Xm, Rm and Rm l'espectively, the arm 
tween the flrst, detector terminal and second 
supply terminal consis'ng of variable and flxed 
resistances designated r20 and R respectively, 
0 and the amn between the second detector ter- 
minal and second supply terminal consistlng of 
fixed resistances designated R0m and Rm re- 
spectively, said variable resistances 1 and 120 
consisting of a measurement resistance all parts 
25 of which bave similar variation characteristics 
in response fo some variation fo be measured, the 
values of Xv, 1, R, 12{} and 1 being simflarly 
related fo the values of Xm, Rm, R4m, 
and lm respectively at some values of Xv, 
3O and R2 within their ranges of variation, and 
R5 
R1 

being equal  

5 

R20t 
R 4t 
for all values of l}t+Rt within the range of 
measurement. 
40 2. An alternating current measurement bridge 
as claimed in claire 1, where 1, 4, 20, 5 and m in 
the resistance designations of such claim are fac- 
tors indicative of the relative values of sald 
resistances for a g.iven measurement value of 
45 4t+20t. 
3. An alernating current measurent bridge 
comprising a pair of supply terminals and two 
Parallel circuits between such supply terminals, 
each such parallel circuit containing two series 
5. connected bridge arms with detector erminals 
at the junction points of said arms, one of said 
parallel circuits consisting of a fixed induc- 
tance and flxed resistance and the other Parallel 
circuit consisting of a bldge balancing variable 
55 inductance, a wriable measurement resistance 
and fixed resisance, te two inductances being 
contained in bridge aï'm aacent one supply 
terminal, the variable measurement resistance 
being contaed partially in one bridge arm and 
50 partially in the other bridge arm which are in 
series with the variable inductance, and the fixed 
resistances being connected in the bridge arm 
adjacent the other supply terminal and in that 
portion of the flxed inductance bridge arm whlch 
5 is adjacent the detector terminal thereof, the 
wlues of the bridge elements ing chosen such 
that for all conditions within the operating range 
of the bridge the ratio of inductance fo resistance 
in each of the parallel circuits is the saine when 
70 the bridge is balanced. 
4. An alternating current bridge having first 
and second bridge arms connected in series be- 
tween first and second supply terminals respec- 
tively, said tiret aïm containing a bridge balanc- 
75 ing variable induca.nce, a wriabte mease- 
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ment resistance a portion of which is contained 
in the first and a portion in the second bridge 
arms, third and fourth bridge arms connected in 
series betwen said first and second supply ter- 
minais respectively, the third arm containing a 
fixed inductance, and ail four of said arms con- 
çaining fixed resistances, the inductances in the 
tiret and third arms being connected to the flrst 
supp]y terminal and the fixed resistances in the 
second and fourth arms being connected to the 
.second supply terminal, a detector terminal be- 
tween the tiret and second arms ata point on the 
variable measurement resistance and a second 
detector terminal between the third and fourth 
arms ata point between the fixed resistances, 
said bridge being balanced by adjustment of the 
variable inductance when the variable measure- 
ment resistance changes, the values of the bridge 

8 
elements being chosen eo that the ratio of in- 
ductance to resistance in the flrst and second 
bridge arms will be the saine as the ratio of 
ductance to resistance in the third and fourth 
 bridge arms for all conditions of bridge balance 
o within the operating range of the bridge. 
WIOEIAM H. TUCKEI. 
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